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Abstract: The present investigation, aimed to evaluate the application efficacy of 24-Epibrassinolide to evoke NaCl
stress tolerance of Phaseolus vulgaris L. cv. Brunco. In vitro plantlets cultured on MS amended with 24-
Epibrassinolide and /or different concentrations of NaCl for 3/10 d were analyzed. Sodium chloride (100,150 mmol)
reduced photosynthetic pigments, carbohydrates and antioxidant enzymes, however, the 50 mmol alone and along
with 24-Epi improved most previous attributes. Salinity stress seriously causes membrane damage evidenced as
hydrogen peroxide and malondialdehyde increment, while applying 24-Epi alone and concomitant with salts
reduced membrane damages. Proline showed syndrome relation with stress levels with further increment after
hormonal application suggesting photosynthetic machinery protection against oxidative stress. High level of sodium
and chlorine ions were recorded under salt stress associated with reduction in potassium, calcium ions accumulation,
however, 24-Epi successfully alleviated ions toxicity and restore ions balance. All tested plantlets exhibited changes
in the endogenous plantlet hormones. SDS-PAGE explore unique protein 77 KDa expressed under 24-Epi alone.
Salt stress along with 24-Epi application imply impact on the expression of specific oxidative stress marker genes
like peroxidase and polyphenol oxidase and point to priority roles for PPO over POD isozymes under salt stress. Our
findings provide integrated evidence that in vitro 24-Epi application is effective in amelioration of NaCl stress.
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1. Introduction develop salt-tolerant plants. Breeding technique for salt

Increases in salinity tolerance for the world crops tolerance is a long-term endeavor and its extensive
are an important goal and a major challenge as the processes have delayed development of successful salt-
world's population is increasing more quickly than the tolerant cultivars in most crop species. The high
area of agricultural land (FAO, 2010). Salt- tolerance efficiency of in vitro selection technique among
may be defined as the ability of a plant to safely and various already established techniques is considered as
potentially grow and complete its life cycle under powerful and successful tool because of its regulated

stressful salt conditions like NaCl (Yadav et al., 2011). conditions whilst additional genetic variations can be
Global food production has to be increased by 38% by induced to elucidate mechanisms involved in salt
2025 (Wild, 2004) to keep supplying food for tolerance (Saleem et al., 2005).

developing world populations. Most of the cultivate Exploring suitable ameliorants is one of the tasks
land has been utilized and spreading into new areas is of plant biologists. In recent decades, an alternative
rarely possible and reasoned as due to urban spreading , strategy to induce tolerance through exogenous

climate warming and the continuous accumulation of application of protectants like plant growth-regulating
salt in cultivated soils as a result of land clearing or compounds among them brassinosteroids (Vardhini
irrigation causing salinization of previously productive and Rao, 1997) potentially showed the capacity to
land globally (Rengasamy,2006) so food production enhance the plant growth, yield as well as stress

enhancements is restricted by human-induced salinity, tolerance under salinity(Ali et al., 2007).

along with the natural salinity particularly relevant in Salinity is one of the most crucial abiotic stresses
most arid and semiarid regions of the world that not only limit increase in the productivity of food
(Rengasamy, 2010). A bout 33% of the cultivated land crops but also limit increasing the appropriate areas for

and most extensions of agricultural land in Egypt are agriculture (Reguera et al., 2012). Among the most
already salinized (Ghassemi et al., 1995). The aim common effects of salinity is growth inhibition by
therefore, should be an increase in yield per unit of NaCl impacting the osmotic potential of plants and

land rather than in the area cultivated. soils, subsequently affects water availability due to the
Various strategies have been considered to limitation in plant water uptake, specific ion toxicity,
improve plant growth and its yield under stressful ion disruption which affect its homeostasis and

condition like salt. A fundamental approach is to oxidative stress (Tester and Davenport 2003). The
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outcome of these effects may cause physiological,
biochemical and molecular changes manifested in
membrane damage, nutrient imbalance, enzymes and
hormones disruptions, metabolic dysfunction including
photosynthesis, protein and nucleic acid synthesis
which ultimately leads to plant death (Apel and Hirt,
2004; Hasanuzzaman et al., 2012a).

Salinity tolerance initiates adaptation and involves
various changes in the plant physiology and
biochemistry at the cellular and whole level. These
changes include some time the induction of new
metabolic pathways as well as switching off others, the
biosynthesis of osmolytes (low molecular weight
metabolites), the induction of marker proteins,
detoxification  mechanisms and changes in
phytohormone levels (Fujita et al., 2006). Therefore, an
integrated approach combining molecular tools along
with physiological, biochemical and metabolic aspects
are imperative to develop salt-tolerant crop varieties.

Common bean (Phaseolus vulgaris L.) is
classified as extremely sensitive to soil salinity and
suffers yield losses (Maas and Hoffman,1977)
nevertheless, is considered as one of the main
leguminous plants as a source of low-cost proteins,
which covers 22 % of the total global needs of protein
(Delgado-Sanchez et al., 2006). In addition, it forms
mutualistic associations with nitrogen fixing bacteria
hence improve soil fertility.

BRs, which play an essential role in plant growth
and development, have been implicated in many
physiological responses (Bajguz and Hayat, 2009). BRs
are known to play a vital role in the regulation of ion
uptake (Khripach et al., 2000). The growth promotion
in Pelargonium graveolens L. was associated with
elevated levels of chlorophyll pigments, nucleic acids;
soluble proteins after 28-homobrassinolide application
(Swamy and Rao, 2008). Cross-talk between BRs and
other phytohormones have been investigated and that it
includes alternation in the expression of hormone
biosynthetic genes and/or signaling intermediates
(Bajguz and Hayat, 2009). Also, Agami (2013) and
Sadeghi and Shekafandeh (2014) found that under salt
stress, exogenous application of 24-Epi ameliorate the
deleterious effects of salt manifested as increment in
total soluble sugars and activities of enzymes and
hormones. In addition, Yuana et al. (2010) reported
that 24-Epi application markedly decreased the
contents of H,O, and malondialdehyde in tomato under
water stress. Exogenous application of BRs resulted in
significant elevation in antioxidant enzymes activities
like superoxide dismutase, catalase, glutathione
peroxidase and ascorbate peroxidase in salinized rice
seedlings (Ozdemir et al., 2004). 24-Epibrassinolide
improved Brassica juncea growth following the
activation of antioxidant enzymes (Arora et al., 2011),
possibly due to an increase in transcription and/or
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translation processes of specific genes related to stress
tolerance (Kagale et al., 2007).

The present paper aimed to explore the role of 24-
Epibrassinolide on in vitro Ph. vulgaris cv. Brunco
plantlets. Assess applying 24-Epi as an alternative
strategy for curbing salt deleterious effects and to
overcome the sensitivity of in vitro regenerated Ph.
vulgaris plantlets against hazards of salinity stress.
Several physiological, biochemical and hormonal
parameters were studied to derive conclusion about 24-
Epi mode of action at such early growth stage.
Expression products as plantlet proteins and
antioxidant isozymes like peroxidase and poly phenol
oxidase were investigated.

2. Material and Methods

The experiment was carried out at Faculty of
Women for Arts, Science and Education of Ain Shams
University, Cairo. Source of plant material, culturing
mother plant for stem explants preparation;
adventitious shoot proliferation and complete plantlet
regeneration have been described in detail by Mansur
(2015).
2.1. Experiment design

Regenerated plantlets via direct organogenesis
aged seven weeks (at the physiological age of 9-10 cm
in length with four -five roots) were selected and
transferred onto MS and on MS augmented with one of
the three levels of NaCl (50, 100 and 150 mmol) and/or
with 0.1 mg L™ 24-Epi (Mansur, 2015) as follow:

T,= control (MS free
growth regulators )

Ts=MS+0.1mgL
124-Epi

T, =MS + 50 mM NaCl Tg=MS + 50 mM NaCl

+0.1 mg L"24-Epi

T3= MS + 100 mM NaCl T;=MS + 100 mM NaCl

+0.1 mg L"24-Epi

T,=MS + 150 mM NaCl Tg = MS + 150 mM NaCl

+0.1 mg L"24-Epi

The culture vials were incubated under normal
condition (16/8 hour's light/dark) at 1500 lux using
cool white fluorescent lamps for three/ ten days, at the
end of which, plantlets from all treatments and control
were harvested, washed with sterilized distilled water.
Shoots were excised, carefully separated and further
immersed in liquid nitrogen for five min then stored in
refrigerator at -20°C until uses.

2.2. Estimation of photosynthetic pigments

Leaf samples (0.2 g) harvested from control and
treated plantlets were homogenized in acetone 80%
(viv) following Arnon (1949) method. Pigments
content were calculated according to Lichtenthaler and
Wellburn (1983) formulae.

2.3. Extraction and estimation of soluble sugars,
sucrose and starch



http://www.lifesciencesite.com/

Life Science Journal 2015;12(7)

http://www.lifesciencesite.com

Soluble sugars in control and treated plantlets
were extracted using 80% ethanol following Angelov
et al. (1993) method. Total soluble sugar and sucrose
(after hydrolysis) were determined following Riazi et
al. (1985) method. Estimation of starch was carried out
following McCready et al. (1950) method using
definite dried sugar free pellets and applying 52% (v/v)
perchloric acid. The quantity of starch was expressed
mg glucose/g DW.

2.4. Estimation of proline

Free proline content was extracted using 3% (w/v)
sulfosalicylic acid and estimated by means of a rapid
colorimetric method using ninhydrin reagent according
to Bates et al. (1973). The proline content was
calculated on fresh weight basis according to the
following formulae:
um olproline g*FW = (ug proline ml * * ml of toluene
/115.5) / (g of sample)

2.5. Enzymes extraction and assay

For estimating antioxidant enzymes activities,
frozen tissues taken from all shoot samples (0.2 g) were
crushed into fine powder in a mortar and pestle to
which 50 mmol sodium phosphate buffer pH 7.0
containing1.0 mmol ethylene diamine tetra acetic acid
(EDTA) and 1.0% polyvinylpyrrolidone (PVP) was
mixed, with the addition of 0.4 mmolascorbic acid, and
2.0 ml of 0.1 M Tris- HCI buffer pH 7.5, 0.5 ml of 3.0
mM dithiothreitol (DTT) and 0.5 ml of 2.0% casein in
case of the ascorbate peroxidase extraction. The
homogenate was centrifuged at 4000 rpm for 20 min at
4°C and the supernatant fraction was used to assay the
activities of superoxide dismutase, catalase, ascorbate

peroxidase, ascorbic acid oxidase, glutathione
reductase peroxidase , polyphenol oxidase (Esfandiari
etal., 2007h).

2.5.1. Superoxide dismutase assay (SOD; EC
1.15.1.1)

Activity was assayed by measuring its ability to
inhibit the photochemical reduction of nitro blue
tetrazolium chloride (NBT), as described by Sen Gupta
et al. (1993). The reaction was started by exposing the
mixture to light source for 15 min. and the reaction was
stopped by switching off the light. Absorbance of the
reaction mixture was read at 560 nm.

2.5.2. Catalase assay (CAT; EC 1.11.1.6)

Activity was measured according to Aebi (1984).
The decrease in H,O, absorbance was monitored at 240
nm and quantified by its molar extinction coefficient
(36 mol *cm™®).

2.5.3. Ascorbate peroxidase assay (APX; EC
1.11.1.11)

Activity was determined according to Nakano and
Asada (1981) method. Absorbance was read at 290 nm
andenzyme activity was quantified using the molar
extinction coefficient for ascorbate (2.8 mmol™ cm™).
2.5.4. Glutathione reductase assay (GR; EC 1.6.4.2)

Activity was determined according to Hodges et
al. (1997) method. Absorbance was read at 340 nm.
Enzyme activity was determined using the molar
extinction coefficient for NADPH (6.2 mmol™ cm ™).

2.5.5. Ascorbic acid oxidase assay (AAO; EC
1.10.3.3)

Activity was assayed according to the method of
Vines and Oberbacher (1965). Enzyme activity was
measured as decrease in absorbance at 265 nm due to
ascorbate oxidation. Enzyme activity was quantified
using the molar extinction coefficient for ascorbate
(2.8mmol™ cm™).

2.5.6. Peroxidase assay (POD; EC 1.11.1.7)

Activity was measured in a reaction mixture
consisting from 50 pl enzyme extract, 20
mmolguaiacol and 100 mmol sodium phosphate buffer
pH 7.0 in a total volume 3.0 ml. Reaction was initiated
by 20 pl H,O, addition following Ranieri et al. (1995)
method. Activity was determined by measuring the
change in absorbance at 470 nm.

2.5.7. Polyphenol oxidase assay (PPO; EC
1.14.18.1)

Activity was assayed according to the method of
Luh and Phithakpol (1972). Activity was determined
by measuring the change in absorbance at 410 nm.

2.6. Determination of hydrogen peroxide content

Hydrogen peroxide concentration was determined
according to Sergiev et al. (1997). Absorbance was
read at 390 nm. Hydrogen peroxide 50 mmol ml™* was
used as standard.

2.7. Determination of lipid peroxidation

Lipid peroxidation was measured in the terms of
malondialdehyde (MDA) content following the method
of Heath and Packer (1968).The MDA content
calculated following the equation:

Amount of extraction buffer (ml) X amount of supernatant (ml) x [(A532 — A600)/155] x 103

Amount of sample (g)

2.8. Estimation of minerals

For determination of calcium, potassium, sodium,
and chloride ions, leaves samples (0.5 g) were dried at
70°C, ground and digested by mixture of H,SO4-H,0,
as the procedure described by Lachica et al. (1973).

The extract was used for elements determination.
Sodium, potassium, and calcium ions were measured
by flame-emission photometry according to Brown and
Lilleland (1946). The chloride was estimated according
to the method of Higinbothan et al. (1967).


http://www.lifesciencesite.com/

Life Science Journal 2015;12(7)

http://www.lifesciencesite.com

2.9. Endogenous hormones analyses

2.9.1. Extraction and estimation of auxins (IAA),
gibberellic acid (GAs), cytokinins and abscisicacid

Extraction, fractionation, identification and
determination of auxins (IAA), gibberellic acid (GA),
cytokinins and abscisic acid as described by Wasfy et
al. (1975) were practiced with some modifications.
Frozen leaves (0.7g) per sample were macerated in
cold 80% (v/v) agueous methanol and equal (20 mig™)
volumes were added to the macerate before allowing
tissue extraction overnight at 4°C. The extract was
vacuum filtered. The filter paper and the residue were
returned to the container with fresh methanol, shaken
for 1 h and filtered again. The previous step was
repeated once more and the combined extracts were
concentrated under reduced pressure in a rotary
evaporator. The aqueous phase was adjusted to 2.5 and
then partitioned with equal volumes of ethyl acetate
three times, and then passed through anhydrous sodium
sulfate. The combined acidic ethyl acetate phase was
evaporated under vacuum and the dry residue
containing hormones (fraction 1) was dissolved in 2.0
ml of methanol and stored in vials at -20°C. This
fraction was used for auxins, gibberellins, and abscisic
acid determination. On the other hand, the aqueous
phase fraction was adjusted to pH 8.0 with some drops
of potassium hydroxide (1 mol) and partitioned four
times with n-butanol (1/4 of its volume each time). The
n-butanolic phase, thereafter, was concentrated to 5 ml
(fraction 1) and stored at -20°C for cytokinins
determination. Kelenet al. (2004) detected auxins,
gibberellins, and abscisic acid by HPLC isocratic UV
analyzer, reverse phase Ci;g column (RP-CI18 pn
Bondapak, Waters). The column used included
octadecylsilane (ODS) ultra-sphere particle (5 pmol),
the mobile phases used were acetonitrile-water (26:74
v/v), pH 4.00; flow rate: 0.8 mimin®, detection: UV
208 nm, the standard solution of the individual acid
was prepared in the mobile phase and
chromatographed. Cytokinins fraction were detected by
HPLC isocratic UV analyzer ODS reverse phase Cig
column, 20 min gradient from 0.1N acetic acid pH 2.8
to 0.1 N acetic acid in 95% aqueous ethanol, pH 4. The
flow rate: 1 ml min™, detection: UV 254 nm, standards
of BA and Kin were used (Muller and Hilgenberg
1986).

2.9.2. Extraction and estimation of jasmonic acid

Jasmonic acid was extracted using methanol
(Hong et al., 2011) following Dionex instructions for
Accelerated Solvent Extraction (ASE) method. Known
frozen weights after ground were placed in a Dionex
ASE 150 and extracted using 100% methanol at 100°C
and 1500 psi with five min static cycle, flush volume
was 60% of the cell volume. Finally, the system was
purged with nitrogen for 60 s. Detection and
quantitation of JA extract was carried out using a GC
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(Agilent Technologies 7890A) interfaced with a mass-
selective detector (MSD, Agilent 7000) equipped with
a polar Agilent HP-5ms (5%-phenyl methyl poly
siloxane) capillary column (30 m x 0.25 mm i. d. and
0.25um film thickness). The carrier gas was helium
with the linear velocity of 1 ml min. The oven
temperature was set at 85°C for two min. and then
programmed until 250°C at a rate of 15°C min™. The
injector and detector temperatures were 150°C and
250°C respectively. Injection mode, split, split ratio 1:
20, volume injected 1l of the jasmonic acid extract.
The MS operating parameters were as follows:
lonization potential 70 eV, interface temperature
250°C, and acquisition mass range 40-600. The
identification of jasmonic acid in its extract was based
on a comparison of its mass spectra and retention time
with its authentic compound and by computer matching
with NIST and WILEY library as well as by
comparison of the fragmentation pattern of the mass
spectral data with those reported in the literature.
2.10. SDS-protein electrophoresis

Frozen ground powder(1.0 g) represent all
treatments were transferred to 2 ml Eppendorf tube
containing 400 pl of protein extraction buffer [70% of
50 mmol sodium phosphate buffer pH 6.8 and 30%
Tris- glycine buffer pH 6.8 (0.3 g of Tris base and 1.45
g glycine100 mI™ dH,0)], gently mixed and kept in the
fridge overnight. The extracts were vortex, transferred
into Eppendorf tubes and centrifuged at 14000 rpm
under cooling (4°C) for 15 min. Ninety pl of the
protein extract from each sample was heated in water
bath with 30 plof denaturing buffer (5.0 ml of 0.5 mol
Tris base pH 8.8, 4.0 ml of 20% sodium dodecyl
sulphate 4.0 ml of 50% glycerol, 0.01 g bromophenol
blue, 1.0 ml B-mercaptoethanol and 6.0 ml of dH,0) at
99°C for five min to denature and reduce the proteins
and then left in the fridge in -20°C for the next step.
The soluble proteins were subjected to SDS-PAGE in
gel slabs of 1mm thickness (4% stacking and, 12.5%
resolving gels) as described by Laemmli (1970). Gels
were run at 80 volt for two h until the bromophenol
blue dye reached the resolving gel and then continued
at 150 V till the running end and the apparatus
switched off. After that, the gel was stained and de
stained gel was photographed and scanned. Software
data analysis for Bio-Rad Model 620 densitometer and
IBM compatible personal computer 165-2072 were
used, bands were coded as 0 (absent) and 1 (present).
2.11. Native protein electrophoresis

Native-polyacrylamide gel electrophoresis
(Native-PAGE) was conducted following Stegemann et
al. (1985) method to identify isozyme variations under
the study condition using peroxidase and polyphenol
oxidase isozymes systems as molecular markers. For
isozymes extraction 0.5 g frozen leaves were macerated
in 1 ml extraction buffer (10% glycerol). The extract
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was then transferred into clean Eppendorf tubes,
centrifuged at 12 000 x g for ten min. The supernatant
was transferred to new clean Eppendorf tubes and
stored at —20°C until isozymes analysis. Extracted
proteins were separated using stacking gel 4.5% and
separating gel 12%. A volume of 40 ul extract of each
sample was mixed with 20 pl of sucrose and 10 pl of
bromophenol blue, and then a volume of 50 ul from
this mixture was applied to each well. Electrophoresis
conditions during the run was performed at 150 V until
the bromophenol blue dye has reached the separating
gel and then the voltage was increased to 200 V. The
apparatus was placed inside a refrigerator during
running. After separation, the gels were stained
according to their enzyme systems with the appropriate
substrate and chemical solutions and incubated at room
temperature in dark for complete staining. In most
cases incubation for about one to two hours is enough.

Peroxidase was detected by incubating the gel in
darkness for one hour at 37°C in a mixture of
diaminobenzidine solution (dissolve 0.125 mg of
diaminobenzidine in 2.0 ml of glacial acetic and made
up to a final volume of 50 ml of d.H,0). After
incubation period the gel was rinsed in d.H,O and
incubated carefully with five drops of 30% H,O,. The
gel was incubated at room temperature until bands
appeared according to Brown (1978) method.
Polyphenol oxidase after separation, the gel was soaked
in 0.1 mol sodium phosphate buffer pH 6.8 solved in
100 mg of sulfanilic acid then mixed with 30 mg of
cathecol solved in 1.0 ml of 99% acetone. The gel was
incubated at 37°C until bands appeared according to
(Flurkey and Jen 1978) method. Gels resulted from
isozyme electrophoresis were photographed, scanned
using Gel Doc Vilber Lourmat system.
2.12. Statistical analysis

Standard deviations for five replicates of
photosynthetic pigments, carbohydrates, proline, and
minerals and three replicates of enzymes and hormones
were calculated. The studied data were statistically
analyzed using one way analysis of variance as
described by Snedecor and Cockran (1969). The means
were compared by Duncan at 5% using SPSS program
version 20.

3. Results and Discussion

Salinity stress is one of the major environmental
constraints that retard plant growth and induces
divergence in cell metabolism, and in its major
biochemical activities to cope with this type of stress.
The mechanisms by which plants defend themselves
against saline stress are indeed many fold; many are
still unclear. Tissue culture among all other techniques
is considered as powerful and successful tool to
elucidate mechanisms involved in salt tolerance. The
present work represents an evaluation of the interaction
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between 24-Epibrassinolide (24-Epi) and NaCl in
overcoming the sensitivity of in vitro regenerated Ph.
vulgaris cv. Brunco plantlets against hazards of salinity
stress.

Sodium chloride treatment at three different levels
(50, 100, and 150 mmol) lead to high significant
decreases in the content of chlorophyll a, chlorophyll b
and carotenoids of Ph. vulgaris leaves to be considered
as salt sensitive symptom (Table 1). Lower chlorophyll
content was recorded as a typical effect of a biotic
stress and symptoms in salt treatment and was
attributed to increase activity of ion accumulation
(Paridaand Das, 2004) or due to the displacement by
toxic Na* ions, which caused the degradation of green
pigments. Besides, decrease in chlorophyll and
carotenoids contents may be attributed to the inhibitory
effects of salt on enzymes, associated with chlorophyll
biosynthesis (Campos et al, 2012). Previous
explanation could be supported by the significant
decrease recorded in the activity level of antioxidative
enzymes in the present study under salt stress
treatments.

Total soluble sugar, sucrose and starch contents
showed significant decrease (Fig.1-c) in shoots of
stressed Ph. vulgaris plantlets (at 100 and 150 mmol
levels).The decrease may be due to chlorophylls
synthesis impaired events which culminate into a
severe loss in the rate of photosynthesis. Consequently
energy generated efficiency may be lowered and
diverted towards accelerated levels in divers sites of
metabolism under stressed condition (Munns and
Tester, 2008). Chlorophyll degradation may be a
possible cause of the decline in CO, fixation under
stress conditions leads to a decrease in carbon
reduction by the Calvin cycle and decrease in oxidizes
NADP" to serve as an electron acceptor in
photosynthesis (Khan and Panda 2008). In contrast, 50
mmol NaCl treatments resulted in significant
increments in soluble sugar with non-significant
increase in sucrose and starch (Fig.1 a-c).This may
explain sugar role as signaling and early defense
mechanism to counter balance internal osmosis
(Saravanavel et al., 2011).

Proline accumulation in shoots of Ph. vulgaris
plantlets represented in Fig. 2 revealed positive
correlation with salt stress levels this response may
imply protection mechanism from cell damage induced
by free radicals (Ashraf and Foolad, 2007) and or
stabilization for cell enzymes and membranes structure
(Timasheff and Arakawa, 1989). A similar result for
proline under salinity stress has been reported for
pepper (Houimli et al., 2010). Besides, proline
accumulation implicates it as adaption mechanism,
through restoration of cell volume and turgor (Ashraf
and Foolad, 2007). Moreover, Hayat et al. (2007h)
stated that accumulation of proline under stressful
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condition is a highly regulated process, which is
controlled by both synthesis and degradation at genes

level or resulted from decrease in utilization of proline
in proteins synthesis and enhancing proteins turnover.

Table 1. Effect of exogenous amendment of 24-Epi to MS culture media on Photosynthetic pigments chlorophyll a,
chlorophyll b and carotenoids of leaves of Ph. vulgaris regenerated plantlets under normal and conditions of
different salinity levels at three and ten day harvesting time after application.

Photosynthetic pigments (mg g™ FW)

Chlorophyll a | Chlorophyll b | Carotenoids

Harvesting time (day)
Treatments 3 10 3 10 3 10
T, 0.66b 0.87b 0.48b 0.52¢c 0.80b 0.90c
T, 0.59¢c 0.62d 0.44b 0.48c 0.54d 0.81d
Ts 0.38f 0.45f 0.35d 0.36d 0.44e 0.65e
T, 0.34e 0.40f 0.30d 0.31d 0.39 0.50f
Ts 0.69b 0.90a 0.54a 0.69b 0.97a 1.11b
Ts 0.75a 0.92a 0.58a 0.76a 1.02a 1.27a
T, 0.46d 0.79c 039c 0.50c 0.70c 0.85cd
Tg 0.43de 0.54e 0.34d 0.47c 0.62cd 0.80d
LSD at 5% 0.056 0.62 0.041 0.064 0.078 0.085

Means having the same letters in a column were not significantly different at p<0.05

T,= control (MS free growth regulators )

Ts = MS + 0.1 mg L"24-Epi

T, =MS + 50 mMNaCl

Te = MS + 50 mMNaCl + 0.1 mg L™24-Epi

T3;= MS + 100 mMNaCl

T, =MS + 100 mMNaCl + 0.1 mg L' 24-Epi

T,= MS + 150 mMNaCl

Tg = MS + 150 mMNaCl + 0.1 mg L' 24-Epi

OT1 OT2 DT3 @74 BT5 BT6 BT7 MT8
a

Fig 1. Effects of exogenous amendment of 24-Epi to
MS culture media on soluble sugars (a), sucrose (b) and
starch (c) contents of P. vulgaris shoots regenerated

£s
S I 150 gy .
9. b c plantlets under normal and conditions of different
ool 9k -EAd salinity levels at three and ten days harvesting time
2E o _e after application.T,-Tg as illustrated in Table 1.
@E 50 1
a g 5 s OTL BT2 OT3 BT4 OT5 BT6 BT/ MT8
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@ 0 Fig. 2. Effects of exogenous amendment of 24-Epi to
b MS culture media on proline contents of P. vulgaris
shoots regenerated plantlets under normal and
a conditions of different salinity levels at three and ten
= 100 a T days harvesting time after application. T;-Tg as
e g 75 b - illustrated in Table 1.
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from oxidative burst damage. The antioxidant enzymes
such as SOD, CAT, APX, GR, AAO, POD, and PPO
remove and help in detoxification of super oxide and
H,0, (Mittler, 2002). The general increase (Fig.3a-g) in
antioxidant activity in shoots of Ph. vulgaris plantlets
under salt (50 mmol) might result from constitutive
activities of preexisting forms or due to synthesis of
new isozymes under stress as an adaptive mechanism
to reduce free radicals and offer protection against
oxidative damage (Agarwal and Pandey, 2004). These
results are in accordance with Sairam et al. (2005) who
reported SOD increment in salt-stressed wheat plants,
and it was higher at 100 mmol NacCl than at 200 mmol
NaCl. Contrary under higher salt stress levels (100,150
mmol) the capacity and efficiency of the antioxidative
defense systems in salt oxidative damage removal was
decreased (Fig.3a-g) may be due to enzyme
denaturation or assemblies failed in some enzymes
under stress imply the sensitivity of the plantlets.
Positive correlation between activities of antioxidant
enzymes under stress with salt tolerance was reported
in in certain plant species (Zhu et al., 2005). Varies
studies reported that over expressed plants containing
higher levels of antioxidant enzymes, like SOD, APX,
and POX, have improved tolerance to salinity (Alscher
etal., 2002).

Hydrogen peroxide and thiobarbituric acid
reactive  substances (TBARS) contents were
significantly increased at all levels of salinity (Fig.4 a,
b) may be due to the incapability of antioxidants
buffering power to adequately scavenge all the
liberated active oxygen species resulted from the
oxidative salt stress. Bayram et al. (2014) investigate
the response of salted common bean hydrogen peroxide
and lipid peroxidation products and results solidify the
present study. Also, the current results are in agreement
with Slathia et al. (2012) who observed that lipid
peroxidation increased in response to NaCl treatment in
in tomato.
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Fig. 3. Effects of exogenous amendment of 24-Epi to
MS culture media on (a) superoxide dismutase (SOD),
(b) catalase (CAT), (c) ascorbic peroxidase (APX), (d)
glutathione reductase (GR) and (e) ascorbate acid
oxidase (AAOQ) (f) peroxidase (POD) and (g)
polyphenol oxidase (PPO) enzyme activity of Ph.
vulgaris shoots regenerated plantlets under normal and
conditions of different salinity levels at three and ten
days harvesting time after application.T;-Tg as
illustrated in Table 1.
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Fig. 4. Effects of exogenous amendment of 24-Epi to
MS culture media on (a) hydrogen peroxide (H,O,) and
(b) malondialdehyde (MDA) of Ph. vulgaris shoots
regenerated plantlets under normal and conditions of
different salinity levels at three and ten days harvesting
time after application. T,-Tg as illustrated in Table 1.

Since high salt stress induces ion toxicity and
nutritional imbalance at both the cellular and the
whole-plant levels, differential effects of salt stress on
different plant parts may have been due to differences
in ion distribution. Sodium (Na®) and chloride (CI’)
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ions of shoots of Ph. vulgaris indicates that with each
increase in NaCl concentration in the growth media,
there was a progressive increase in their content of Na*
and CI ions concentration, meanwhile the content of
Ca'?, K*and K*/Na" ratio were subjected to appreciable
decrease (Table 2). The accumulation of Na* associated
with marked decrease in K™ content of shoots of Ph.
vulgaris exposed to salt stress may be due to a
competition between Na® and K* uptake from the
medium, as Na® interferes with K" selective ion
channels in plasma membranes of roots and thus reduce
the availability of many ions. Besides, the disruption in
membranes function appears to be an important cause
of damage by Na* (Tester and Davenport, 2003). An
increase in Na" and a decrease in K" content in
response to salinity stress were also recorded in green
bean (Yasar et al., 2006). In alliance with the marked
decrease encountered in K*/Na" ratio of Ph. vulgaris
shoots in response to salinity stress, Babu et al. (2012)
found that tomato plants under salt stress, exhibited a
decrease of K*/Na" ratio. On the basis of these studies,
it can be postulated that K*/Na* ratio shows positive
relationship with salt tolerance and it might be a valid
selection criterion for evaluating the salt tolerance or
sensitivities of different crop species (Kusvuran et al.,
2007). Calcium levels in Ph. vulgaris grown under
salinity stress exhibit significant decrease, participate
in its sensitivity to its hazards. Calcium among other
effects is important in maintaining a proper balance of
nutrients in plants and Ca*? functions to maintain the
integrity and permeability of cellular membranes and
they could reduce or prevent undesirable leakage
induced by salt stress (Taiz and Zeiger, 2006).
Physiological evidence indicates that Ca** enhance
K*over Na“ uptake through a high-affinity system
(Epstein, 1998) and so calcium deficiency will
negatively affect potassium uptake. Potassium activates
more than 50 enzymes and the decrease in K* content
obtained in the present work may affect cells protein as
prerequisite for binding tRNA to ribosome (Blaha et
al., 2000).

Environmental signals often influence
endogenous concentration and sensitivity to plant
hormones. Hormones also are reported to mediate
genetically programmed developmental changes or
responses to environmental stimuli (Davies, 2010). The
results obtained in the present study (Table 3) indicated
that Ph. vulgaris exposition to salinity stress induced a
significant decrease in its content of GA; and
cytokinins with a concomitant increase in auxins and
ABA content and no significant change in JA content.
Auxins are one of the unique signaling molecules,
which convert environmental information into a
cellular context; the recorded increase in auxins
obtained in salt sensitive Ph. vulgaris is a prerequisite
for activating and regulating the intracellular signal
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transmission. In other words, the correlative increment
under salinity stress may represent trial for adaptation.
The present results are consolidated by the work of
Babu et al. (2012) where an appreciable increase in
IAA content of tomato was obtained with the increase
in salt treatment. A pivotal role for the gibberellins
(GAs) class of growth hormones in response to abiotic
stress is becoming accumulated. Under stress
environment, growth promotion may occur to escape as
a strategy mechanisms act to enhance GAs biosynthesis
through up regulation of specific dioxygenase genes or
may be involve growth inhibition associated with
retard GAs synthesis implicated in some cases via
DELLA genes. Attenuation of GAs concentration
allows stabilization of the DELLA growth retardation,

which would otherwise be degraded by the 26S
proteasome. Arabidopsis thaliana studies investigate a
central role for specific family of transcription factors
in regulating GAs metabolism in response to abiotic
stress (Dubois et al., 2013). Reduction in GAs contents
and its signaling pathway has been implicated with
plant growth restriction under salt stress (Colebrook et
al., 2014). Sharp decrease encountered in GA;z content
of Ph. vulgaris in response to NaCl, was in alliance
with stressed Arabidopsis thaliana exhibited a
reduction in endogenous bioactive gibberellins (Achard
et al.,, 2006) which coincided with DELLA protein
accumulation implicated with growth restraint under
stress (Claeys et al., 2012).

Table 2. Effects of exogenous amendment of 24-Epi to MS culture media on certain minerals contents as Ca*?, K",
Na” and CI (estimated as percentage) of leaves of ph. vulgaris regenerated plantlets under normal and conditions of
different salinity levels at three and ten day harvesting time after application. T;-Tg as illustrated in Table 1.

Treatments Mineral contents (%)
Ca” | K* | Na* | cr | K*/Na"*
Harvesting time
3 10 3 10 3 10 3 10 3 10
T, 0.14ab | 0.19b | 0.30b | 0.48b | 0.13ab | 0.14b | 0.035b | 0.037c | 2.31c | 3.43cd
T, 0.10bc | 0.14cd | 0.22c¢ | 0.32c | 0.14a | 0.18a | 0.045ab | 0.047c | 1.57bc | 1.78de
T, 0.08c | 0.12cd | 0.20c | 0.24d | 0.16a | 0.17ab | 0.049b | 0.067b | 1.25c | 1.38e
T, 0.07c | 0.10d | 0.19c | 0.21d | 0.17a | 0.19a | 0.052a | 0.086a | 1.12c¢ | 1.14d
Ts 0.17a | 0.30a | 0.33ab | 0.53b | 0.10bc | 0.10c | 0.020c | 0.023c | 3.30b | 5.30b
Te 0.14ab | 0.18bc | 0.36a | 0.59a | 0.05d | 0.06d | 0.020c | 0.025c | 7.20a | 9.83a
T, 0.13ab | 0.16bc | 0.24c | 0.46b | 0.07cd | 0.08cd | 0.026bc | 0.028c | 3.43b | 5.75b
Tg 0.12bc | 0.14c | 0.23c | 0.44b | 0.09c | 0.10c | 0.028bc | 0.028c | 2.56b | 4.63bc
LSD s, 0.044 | 0.045 | 051 | 0.54 | 0.032 | 0.035 | 0.013 | 0.015 | 1.22 1.85

Means having the same letters in a column were not significantly different at p<0.05
Where: Ca*?= calcium ions; K*= potassium ions; Na*= sodium ions and CI'= chloride ions.

Many of the studies point to crosstalk between
the GA-signaling molecule DELLA with components
in the signaling pathway of jasmonic acid suggesting
additional mechanisms by which GA signaling may
integrate information of other hormone signaling
pathways under stress (Colebrook et al., 2014). Abrupt
change in endogenous content of cytokinins, zeatin and
abscisic acid was recorded in plants subjected to salt
stress (Javid et al., 2011). In the present work, with
each increase of NaCl concentration in MS media,
there was a progressive decrease in cytokinins content
of Ph. vulgaris plantlets. As salt stress induces
oxidative stress, this decrease in cytokinins content
may be attributed to accelerated degradation via
oxidation which represents an important pathway for
its inactivation and destruction (Kaminek et al., 1997).
The classical stress hormones ABA appears to be
closely integrated with GA signaling in a number of
systems. In A. thaliana inhibition of root growth in
seedlings treated with ABA was associated with the

accumulation of DELLA proteins, and was reduced in
the quadruple- della mutant (Achard et al., 2006). Divi
et al. (2010) speculated that BR augments ABA levels
and ABA-related effects during heat stress. Increased
level of ABA in Ph. vulgaris in response to salinity
stress could play a role, via retarding the rate of water
uptake from the medium, and regulating the Na* uptake
from the medium (Babu et al., 2012). Marked increase
in ABA content of tomato was also observed upon its
exposure to salt stress (Babu et al., 2012). The rapidly
expanding information on the mechanism of DELLA
signaling involves it with GA, ABA and JA signaling
pathways in response to stress (Yang et al., 2012).
Studies of the BR signaling pathway and BR gene-
regulating properties point to cross-talk between BRs
and jasmonic acid (Divi et al., 2010). Jasmonic acid
resistance and growth inhibition responses, was
suggested to be via interaction with DELLA signaling
(Yang et al., 2012). In the present study changes in
endogenous JA may affects with other determents plant
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resistance to abiotic stresses such as salinity. Similar to
our results, Kramell et al. (1995) stated that

endogenous JA levels did not increase when treated
with a high NaCl concentration.

Table 3. Effects of exogenous amendment of 24-Epi to MS culture media on hormones 1AA, GA; CKs, ABA (mg/ 100 g FW)
and JA (ppm) of shoots of Ph. vulgaris regenerated plantlets under normal and conditions of different salinity levels at 3 and 10
day harvesting time after application. T,-Tg as illustrated in Table 1.

IAA GA; | CKs | ABA [ JA
Treatments Harvesting time (days)

3 10 3 10 3 10 3 10 3 10
T, 0.44e 0.5e 1.69b 2.58b 0.3b 0.44b 0.10bcd 0.11ef 1.13c 1.25b
T, 0.52d 0.6e 0.69d 1.11de 0.18de 0.16de 0.12bc 0.21abc 1.21c 1.42b
Ts 0.65¢c 0.70e 0.56de 0.97ef 0.16e 0.14de 0.14ab 0.22ab 1.15¢ 1.34b
T, 0.71b 0.85cd 0.44e 0.75f 0.13e 0.09e 0.17a 0.24a 1.13c 1.26b
Ts 0.60c | 0.72de | 2.40a 2.69b | 0.48a 0.59a 0.07d 0.09f 1.44b | 1.67a
Te 0.74b 1.18b 2.62a 6.43a 0.47a 0.52a 0.09cd 0.14de 1.62a 1.80a
T, 0.82a 1.34a 1.36¢ 1.66¢ 0.26cd 0.27¢ 0.12bhc 0.17cd 1.15¢ 1.35b
Tg 0.75b 0.93c 1.31c 1.31d 0.21cd 0.19d 0.12bc 0.19bc 1.14c 1.27b
LSD s 0.03 0.14 0.26 0.33 0.09 0.072 0.041 0.044 0.15 0.21

Means having the same letters in a column were not significantly different at p<0.05. Where: IAA= Indole-3-acetic acid;
GA;=Gibberellic Acid; CKs= cytokinins; ABA=abscisic acid and JA= asmonic acid.

Comparing the protein profiles in control and salt
treated plantlet leaves using SDS-PAGE (Fig. 5 and
Table 4) revealed that NaCl treatment did induce
changes in cells gene expressions. In the present study,
modifications were assessed as de novo bands,
disappearance of some, and selective expression in
others. Present study analysis clearly point to that all
treatments and regardless of age comprised fourteen
bands as common bands (monomorphic), represented
46.66% polymorphism. On the other hand, scanning
the gel explore twelfths non —unique protein bands
represent 40% polymorphism. Meanwhile, four bands
were assessed as unique bands having molecular
weights 77.6, 71.4, 55.2 and 18.1 KDa represent 13.3%
polymorphism. Interestingly three high molecular
weight proteins (80.5, 67.2, 65.1KDa) and low
molecular weight one (30.8 KDa) were specifically
expressed under saline treatments compared to control
non-treated (Table 4) as stress inducible proteins
collaborate in refolding the damaged or denatured
proteins via cell chaperones systems. Salt stress
proteins have been reported in many plant species, such
as in Brassica Jain et al. (1993): 56.1- 70.8 kDa, 93.8
kDa. Also, Kong-ngern et al. (2005) investigate 31
KDa protein expressed in rice specifically under salt
stress. During the first age, elevated number of
expressed peroxidase isozyme under salt stress (Fig.6a
and Table 5) was found be correlated with salt
concentrations and that the encoding gene (S) was
accelerated in response to salt stress. In alliance with
the present results EI-Baz et al. (2003) who stated that
peroxidase isozymes can be used as marker for salt
stress tolerance in cucumber plants and they found that
the peroxidase isozyme profile was altered during salt
stress conditions. Also, Sreenivasulu et al. (1999)
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found increment in POD isozymes activity in salt
tolerant cultivar versus susceptible of fox-tail millet
explained as salt adaptation mechanism. During the
second age, elevated numbers of expressed PPO
isozymes (Fig.6b and Table 5) under salt (50,100 mmol
NaCl) were recorded compared with the control.
However, number of banding patterns of peroxidase
isozymes revealed slightly higher numbers (eight) with
levels of polymorphism 75% while polyphenol oxidase
exhibit lesser number of isozymes patterns (seven) with
levels of polymorphism 85.7%. Such observations may
be point to PPO sensitivity to salt treatments more than
POD.

L

1 days 10 days

Fig. 5: Electrophoretic banding patterns separated by
SDS of leaves of in vitro of P. vulgaris regenerated
plantlets cultured in free MS and /or MS invested with
different concentrations of NaCl alone or along with
24-Epi, harvested three and ten days later. T,-Tg as
illustrated in Table 1.
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Table 4. The presence (1) and absence (0) of bands of leaves proteins electrophoretic banding patterns and
molecular weights (MW) of SDS proteins in in vitro Ph. vulgaris regenerated plantlets cultured on free MS and or/
MS invested with different salt levels and 24-Epi and harvested three and ten days after application. T;-Tg as
illustrated in Table 1.

Harvesting
time (day) 3 days 10 days
Band number | MW [ T, T, To [ Tg [ Ts [ Tg [Ty [ Tg | Ty [ To [Ts [Ta | Ts [ Tg | T7 | Tg

2 84.3 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1
3 80.5 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0
4 77.6 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
5

6 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 68.5 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
8 67.2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
9 65.1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
10

11

12

13

14

15

16

17

18

19

20

21

22 32.5 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
25 25.3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
26 23.8 0 0 0 0 1 1 1 1 1 1 1 1

30 14.5 0 0 0 1 1 1 1 1 1 1 1 1
Total bands 18 22 23 |21 |23 |20 |21 |21 |25 |23 |22 |22 |23 |22 |22 |22
et LR AT EL LILLALT P E Y LT T X ; A 7R A 2 A
; : 3 days 10 days 3 days 10 days
a POD b PPO

Fig. 6: Electrophoretic patterns of (a) peroxidase (POD), and (b) polyphenol oxidase (PPO), isozymes of leaves of in
vitro of Ph. vulgaris regenerated plantlets cultured in free MS and /or MS invested with different concentrations of
NaCl alone or along with 24-Epi, harvested three and ten days later. T,-Tg as illustrated in Table 1.
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Table 5. The presence (+) and absence (-) of bands and relative mobilities (Rf) in two isozymes, peroxidase (POD)
and Polyphenol oxidase (PPO) of leaves of in vitro of Ph. vulgaris regenerated plantlets cultured in free MS and /or
MS invested with different concentrations of NaCl alone or along with 24-Epi, harvested three and ten days later.

T,-Tg as illustrated in Table 1.

l(—(ljzry\;estmg time 3 days 10 days

gfggg'dase (POD) ﬁf,';‘},‘ﬁ; To | To | To [ To | To | To | To | To | To | To | To [ Ta | To | To | T | Te
POD 1 0.104 ¥ T T ¥ ¥ T T ¥ ¥ ¥ ¥ ¥ ¥ ¥
POD 2 0.332 T T ¥ ¥ T ¥ ¥ ¥ ¥ ¥ ¥
POD 3 0.433 T T ¥ ¥ T ¥ ¥ ¥ ¥ ¥ ¥
POD 4 0.521 ) ) * *

POD 5 0.642 T T T ¥ ¥ ¥ T T ¥ ¥ ¥ ¥ ¥ ¥ ¥
POD 6 0.731 . T T T ¥ ¥ ¥ T T ¥ ¥ ¥ ¥ ¥ ¥ ¥
POD 7 0.834 + T T T ¥ ¥ ¥ T T ¥ ¥ ¥ ¥ ¥ ¥ ¥
POD 8 0.900 ¥ T T T ¥ ¥ ¥ T T ¥ ¥ ¥ ¥ ¥ ¥ ¥
TOta| bands 3 5 [ 7 8 4 7 5 7 7 7 7 7 8 5 7
(P;’;gp)“g;‘g;;“dase E@'Sﬂ,‘{g To | To | To [ Te | To | To | To | To | To | To | To | Tu | To | To | T | Te
PPO1 0.102 * * * * *

PPO2 0.211 + + * * * *

PPO3 0.331 * ) ) * *

PPO4 0520 + + + + + + + + + + + + + + +
PPO5 0.631 * * ) * * * * * *

PPO6 0_800 + + + + + + + + + + + + + + + +
PPO7 0.902 + + + + + + + + + + + + + + +
TOta| bands [ 5 3 4 7 2 [} 3 4 7 7 3 4 4 3

Implication of plant growth regulators in biotic
and abiotic stresses management is among the widely
known traditional strategies. Brasinosteroids are a
group of steroidal hormones that play crucial roles in
different developmental stages of plants and in their
interaction with the abiotic stresses (Fariduddin et al.,
2014). Although much has been learned about their
roles in plant development, their mechanisms to control
plantlets responses under stress tolerance and
consequently to regulate their responsive gene
expression is scarce. brasinosteroids are widely used to
overcome salinity stress in plants (Slathia et al., 2012).
The results obtained in the present work refer to the
immense significance of 24-Epi in alleviating most
physiological and biological attributes which measure
the sensitivity of a plantlets to salinity stress (same
trend as normal plants), following in this regard
different mechanisms and protocols. The change in leaf
content of chlorophyll a, chlorophyll b, carotenoids and
carbohydrate fractions (Table 1 and Fig.l1 a-c) in
response to 24-Epi applied alone or in combination
with NaCl indicated its potential application even alone
and in hampering salt effects on plant normal
metabolism as photosynthesis (generally with the
lowest applied concentration). However, in case of the
other applied concentrations of NaCl (100, 150 mmol),
the pigment content was significantly lower or higher
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compared with the control or salt treatments solely,
respectively. These results are in agreement with Alam
et al. (2007) who found that 28-homobrassinolide
increased the total chlorophyll contents and its
fractions in Brassica juncea. In addition, 24-Epi was
found to protect pigment-protein complexes resulting
in decreased degradation of chlorophyll (Fariduddin et
al., 2009). Supporting our results Jiang et al. (2012)
results in which he recorded significant increment after
24-Epi application in cucumber Rubisco, sucrose,
soluble sugars, and starch contents explained by
Epibrassinolide ability to regulate Calvin cycle and
sugar metabolism via redox signaling and thus increase
the photosynthesis potential. Epibrassinolide via
activating the antioxidatives enzymes has diminished
the elevated level of generated ROS induced under
salinity stress and thus protected the photosynthetic
pigments and /or chloroplasts membranes from
destructive effects of ROS and by discarding toxic
ions. In addition, Epibrassinolide by increasing the
activity level of antioxidative enzymes protect
cytokininsvia oxidative pathway in which the free
radicals play a central role, so, their contents exhibited
significant increase in response to 24-Epi treatment
alone or in combination with the lowest NaCl dose.
The accumulation of proline in plants exposed to
stressful conditions repeatedly recorded. In the present
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work, the presence of NaCl in the growth culture media
of Ph. vulgaris plantlets, in presence or absence of 24-
Epi lead to marked increase in proline content of shoots
(Fig.2), with a magnitude of response obtained in the
presence of 24-Epi. In accordance Houimli et al.
(2010) found that applying 24-Epi to salt stressed
Capsicum annuum showed increment in proline
accumulation. Also, Sadeghi and Shekafandeh (2014)
in a study to investigate 24-Epi mechanism in inducing
salt tolerance to loquat recorded considerable proline
increment. Proline acts as a signaling molecule
initiating adaptation protocols copes with syndrome of
salinity stress (Maggio et al., 2002). In the present
study, chlorophylls content increments may result from
proline-thylakoid membranes preservation attack by
ROS as reported by Kavi Kishore et al. (2005).

Analyzing oxidative enzyme activity suggests an
immense mechanism for 24-Epibrassinolide in
ameliorating oxidative stress generated by salt stress.
Adding 24-Epi alone and in combination with NaCl
lead to general marked increase in activity level of
SOD, CAT, APX, GR, POD and PPO except AAO
exhibited retard response compared to non-treated
(Fig.3a-g). These results are in agreement with EI-
Mashad and Mohamed (2012) who found that, cowpea
treatment as foliar spray with BR successfully
attenuated salt stress deleterious effects via increasing
activities of antioxidant enzymes like superoxide
dismutase, peroxidase, and polyphenol oxidase. In the
same context, Arora et al. (2008) showed that the
levels of SOD, CAT, APX, GR and POD activity was
elevated after 28-homo BL application which boosted
salt resistance of Zea mays. A preponderance of
literatures reported that APX coordinated with CAT
and does a central protective role during salt stress
(Bajguz and Hayat, 2009). Also, Ozdemir et al. (2004)
concluded that differential activities of antioxidant
enzymes in salt-sensitive rice cultivar suggest possible
role for APX in salt stress tolerance induced by EB.
Increase in GR activity has been reported as essential
reason in salt tolerance in pea (Bor et al., 2003),
eggplant (Yasar, 2003) and Chlorella vulgaris (Bajguz
and Hayat 2009).

As a result of the elevated activity of
antioxidative enzymes induced by 24-Epi amendments
to the salt-sensitive Ph. vulgaris, a significant decrease
in H,O, and MDA content was recorded which indicate
retard hydrogen peroxide accumulation and a lower
lipid peroxidation in salt-treated regenerated plantlets
(Fig.4 a, b). Similarly lower lipid peroxidation resulting
from elevated activities of antioxidantive enzymes and
antioxidants under salt stress was also reported in
cowpea (EI-Mashad and Mohamed, 2012). After 24-
Epi application Jiang et al. (2012) recorded potential
accumulation in H,0O,,
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Mineral analysis of Ph. vulgaris provided another
potential protocol of 24-Epi in lowering its sensitivity
to salt stress. The significant increase recorded in K*
ions of Ph. vulgaris shoots in response to 24-Epi
provided alone to MS culture medium or in presence of
low applied concentration of NaCl, may be attributed
to 24-Epi ability to change membrane selectivity and
through increasing K* content accompanied with a
significant decrease in Na® alleviated the servers'
competition between Na® and K* ions resulted upon
exposure to high concentrations of NaCl and which in
turn affect ion receptor and disturbs the ion transport
system of plant roots (Yokoi et al., 2002).

Although BR roles in plant responses to abiotic
stress have become documented over the last decade,
there is still obvious shortage in reports indicating how
BR interacts with other stress-related hormones and
also their signaling pathways in acquisition stress
tolerance. In response to 24-Epi addition to MS
medium in absence of NaCl or its presence
accompanied with low concentration there was a
significant increase in Ph. vulgaris content of IAA,
GA;, cytokinins and jasmonic acid associated with
concomitant decrease in ABA content. The present
results seemed likely to be in alliance with those
obtained by others, where an appreciable increase in
IAA content of squash seedling was obtained in
response to BR (Eun et al., 1989). Yang et al. (1999)
suggested that the increase in auxins content induced
by BRs could be achieved via increasing its rate of
synthesis, de conjugation of auxins or via increasing
the activity of auxin receptors. Research points to
interaction between auxin and BR via share a number
of target genes, many of which are involved in growth-
related processes (Hardtke et al., 2007). The marked
increase obtained in GA; content of 24-Epi -treated Ph.
vulgaris associated with concomitant decrease in ABA
level could refer to interference of 24-Epi with the
control mechanisms prevailed at the branching points
of mevalonate pathway which result its deviation
toward GAs. The appreciable increase encountered in
cytokinins content in response to 24-Epi -treated Ph.
vulgaris was also recorded in Cucurbita pepo seedlings
(Metwally 2008). In this connection also, Hu et al.
(2000) showed that Epibrassinolide can substitute for
the effects of cytokinin in A. thaliana cultured cells.
Molecular analysis provided a strong evidence for a
cross-talk between BRs and ABA included an
alteration in the expression of hormone biosynthetic
genes and/or signaling ‘intermediates (Lin et al., 2003).
Zhu (2002) reported ABA as key molecule implicated
in salt stress. Reduction in ABA content in response to
BRs was observed in squash and rice (Ono et al.,
2000). The present study assigned positive increment in
Ph. vulgaris plantlets JA treated with 24-Epi and
notably also when coupled with low salt dose confirm
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assistant role for acquisition salt stress tolerance in
regenerated plantlets. Miissig et al. (2000a) reported a
possible relationship between BRs action and JA
synthesis. Experimental evidence points to interactions
of BR with JA (Ren et al., 2009). With the exception of
BR-auxin interaction, little is known in terms of genes
how BR interacts with other hormones (Divi et al.,
2010).

Gene functions are manifested in the form of
proteins. They are central for the various biological
activities. Newly synthesized proteins in response to
interaction between environmental stress and growth
substances applied may correctly fold and named stress
proteins or sometimes misfold. Many of these stress
proteins were suggested to play protect role inside the
cell .Molecular chaperones which are proteins naturally
found in cells are being used to decrease or prevent
misfolding of other proteins. Changes in protein
synthesis under the 24-Epi treatment alone or along
with salt stress treatments may be due to modifications
in gene expression at the mRNA translation or via
regulation of RNA transcription. The protein band
which has molecular weight 77.6 kDa was de novo
synthesized in hormone alone treatment in leaves of
Ph. vulgaris plantlets only during the second harvesting
time. In accordance with the present result, brassinolide
77 KDa protein was investigated by Lapeyre et al.
(1987). Electrophoreses patterns of peroxidase isozyme
expressed under 24-Epi application along with salts
exhibited more isozyme bands compared to the control
peaked with treatment received the hormone alone.
Changing in POD isozyme forms explore 24-Epi role
in mediating oxidative stress not only under stress but
also under non-stress growth culture (Gapper and
Dolan 2006). Such behavior point to that 24-Epi
exogenous application can evoke tolerance against salt
stress in in vitro Ph. vulgaris plantlets which may cause
some shift in the cell gene expression. Also,
Sreenivasulu et al. (1999) found increment in POD
isozymes activity in salt tolerant cultivar versus
susceptible of fox-tail millet explained as salt
adaptation mechanism. Also, Sharma et al. (2013)
reported that 24-Epibrassinolide application on rice;
under salt stress conditions evoke the expression of
various oxidative stress marker genes, although to
different levels. Electrophoreses patterns of polyphenol
oxidase (PPO) isozyme showed under supplementation
of 24-Epi along with salt less number of isozymes
bands never the less higher percent of polymorphism
(85.7%). Such observations may be point to PPO
sensitivity to salt treatments more than POD.

4. Conclusions

Salt stress has immense effects on many
physiological, biochemical, hormonal and molecular
events at cellular and the whole plant level, though
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tolerance is considered as a complex trait regulated
with numerous genes. Keeping in mind the
multifaceted role of BRs, the conclusion of the present
study is that 24-Epibrassinolide (putative BRs member)
application as an alternative strategy for curbing ill
effect of salt can be used to alleviate the harmful effect
of salt stress and trigger salt tolerance responses
applying in vitro technique with salt sensitive
regenerated Ph. vulgaris plantlets prior acclimation
period. Relevant information on physiological,
biochemical and molecular indicators at the cellular
level may represent selection criteria for tolerance of
salts in economical vital crops. Therefore, the use 24-
Epivia the suggested mechanism (s) can help to solve
the production problems caused by high salinity.
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